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Introduction
Chronic hepatitis C virus (CHC) is a serious health problem and infects approximately 170 million individuals worldwide and is a major cause of mortality and morbidity. 1 Egypt almost has the highest hepatitis C virus (HCV) prevalence in the world (overall prevalence of HCV is 12% among the general population, reaches about 40% in persons above 40 years of age, and is more in rural areas). 2 Current treatment of HCV infection is pegylated interferon (PEG-IFN) and ribavirin (RBV) for 24 weeks for HCV genotypes 2 or 3 or for 48 weeks for HCV genotype 1. The main objective of HCV therapy is a sustained virologic response (SVR). SVR is defined as an undetectable serum HCV RNA level at 24 weeks after the end of therapy. Rates of SVR range from 60% to 70% in CHC patients with genotypes 2 and 3 but is less than 50% in patients with genotype 1 using conventional therapy. 3 HCV genotype 4 is the most prevalent in Egypt. Several antiviral acting drugs have been formulated, but till now no interferon-free regimen has proved as effective as interferon-incorporating regimens. None of interferon-incorporating regimens has been yet effective in treatment of genotype 4 HCV. , is an important immune modulator that has an impact on innate and adaptive immune pathways. 5 The relationship between vit D and liver disease is reciprocal. Therefore, liver diseases including CHC may be responsible for low serum levels of 25-hydroxyvitamin D (25(OH) D). Consequently vit D deficiency was associated with poor response to PEG-INF α and RBV in HCV genotype 1. 6 Visfatin is a new adipokine involved in several processes. Visfatin is not only an adipocyte-specific protein but also plays an important role in inflammatory processes. It has been demonstrated that recombinant visfatin induced dose-dependent production of pro-inflammatory interleukin-1β (IL-1β), tumor necrosis factor-α, and IL-6 as well as anti-inflammatory cytokines such as IL-10 and IL-1 receptor antagonist in human monocytes. 7 In vivo intraperitoneal injections of recombinant murine visfatin significantly increased circulating IL-6 levels and IL-6 messenger RNA expression in the small intestine in mice. 8 The data concerning visfatin in CHC are small. A recent study showed that serum visfatin concentration increases significantly in CHC patients. These findings suggest that visfatin is important in the pathogenesis of the inflammatory process in CHC. The measurement of visfatin serum concentration was correlated significantly with fibrosis scores (r=0.23, P=0.02) in CHC patients. 9 CHC is a slowly progressing inflammatory disease of the liver that can lead to cirrhosis and its complications. Assessment of liver damage in hepatitis C has been primarily via histological evaluation. Liver biopsy, while useful in determining the extent of liver damage, has associated costs and places patients at a small but finite risk of bleeding. Studies have identified serum markers shown to correlate with liver histology, including procollagen III peptide and hyaluronic acid (HA). 10 Serum HA measurement is clinically useful to noninvasively assess the degree of fibrosis and cirrhosis. Results of international studies suggest that the (HA) serum level is a useful marker in determining the severity of fibrosis in patients with chronic viral hepatitis. 11 We aim to compare the prevalence of vit D deficiency between standard of care (SOC) therapy group (received PEG-INF and RBV) and SOC plus vit D group. The effect of vit D supplementation on serum levels of IL-6, visfatin, and HA was also evaluated.
Patients and methods
One hundred chronic HCV patients were recruited from the outpatient clinic at Tropical Medicine Department, Bny Swif 
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Vitamin D therapy and chronic hCV plus RBV combination). The sample size in the two groups was 50 each, and alfa (one-tailed) was set at 0.05. The sample size also took into account a 5% drop-out rate from either arm.
The study population is illustrated in Figure 1 . It consisted of two arms (SOC therapy and SOC therapy with vit D) of 50 patients each with treatment-naïve CHC (total =100 participants). Group 1 (patients study group): PEG-INF α2a (F. Hoffmann-LaRoche, Basel, Switzerland) -standard dose 180 µg weekly; plus RBV (Copegus ® ; F. Hoffmann-LaRoche) dose determined by patient weight (75 kg =1,000 mg/day; 75 kg =1,200 mg/day) for 48 weeks; plus vitamin D3 -15,000 IU/week for the treatment of chronic HCV (50 patients). Group 2 (control group): PEG-INF α2a (F. Hoffmann-LaRoche) -standard dose 180 µg weekly; plus RBV (Copegus ® ; F. Hoffmann-LaRoche) dose determined by patient weight (75 kg =1000 mg/day; 75 kg =1,200 mg/day) for 48 weeks for the treatment of chronic HCV (50 patients). End of treatment response was defined as undetectable HCV RNA in the blood at the end of treatment. 12 
Blood samples collection
A five-milliliter blood sample was obtained from each patient at 0 weeks, 12 weeks, 24 weeks, and 48 weeks after enrollment in the study and was divided into two parts. The first part was collected into ethylenediaminetetraacetic acid tubes to assess aspartate transaminase (AST), ALT, total bilirubin (T. Bil), direct bilirubin (D. Bil), albumin, alkaline phosphatase (ALKP), creatinine, random blood sugar (RBS), hemoglobin A 1c (HbA 1c ), prothrombin concentration (PC), international normalized ratio (INR), Hb, total leukocytes count (TLC), absolute neutrophil counts (ANC), platelets, thyroid-stimulating hormone (TSH), and alfa-fetoprotein (AFP). The second part was collected into another tube to assess vit D serum, IL-6, visfatin, and HA levels and to extract HCV RNA for HCV quantitative polymerase chain reaction (PCR) detection. 
Vit D level assessment
il-6, visfatin, and ha levels assessment
Visfatin serum level was assessed using ELISA kit provided by DRG International Inc. IL-6 serum level was detected using ELISA kit provided by Invitrogen Corporation (Camarillo, CA, USA). HA serum level was detected using ELISA kit provided by Corgenix (Broomfield, CO, USA).
All protocols followed the manufacturers' instructions. Each ELISA test was run in duplicate, with mean absorbance computed from the average for two wells normalized to a zero-calibrator well. Patients' laboratory parameter levels assessment AST, ALT, T. Bil, D. Bil, albumin, ALKP, RBS, and creatinine were detected using kits provided by Randox Laboratories Limited (Country Antrim, UK). TSH and AFP were detected using kits provided by DRG International Inc. HbA 1c and PC were detected using kits provided by Stanbio Laboratory (Boerne, TX, USA). Hb, TLC, ANC, and platelets were detected by cell counter (Sysmex XT-4000i Automated Hematology Analyzer; Sysmex, Lincolnshire, IL, USA). Hepatic fibrosis metavir score was used to evaluate liver inflammation A (0-3), fibrosis F (0-4), and size S (0-4).
hCV Rna extraction and quantitative PCR detection HCV RNA was extracted from 140 µL of serum using the QIAamp Viral RNA Mini Kit (QIAgen, Hilden, Germany). Absolute quantitation of the concentration of HCV RNA was based on an external standard curve (HCV Standards IU/mL) in the presence of an internal positive control. Internal positive control was added to a mixture of lysis buffer and sample material during RNA extraction of clinical blood samples. TaqMan assay was used by the AgPath-ID™ One-Step real time (RT)-PCR kit (Applied Biosystems, Foster City, CA, USA). One-step RT-PCR kit includes an enzyme mixture, buffer, and detection enhancer for one-step quantitative reverse transcription PCR. Amplification was performed in a 25-µL reaction mixture containing 2× TaqMan Universal RT-PCR Master Mix, 20 µM of each primer and probe for both sample and inductively coupled plasma, and 8.5 µL of extracted RNA. All samples were performed in duplicate. RT-PCR mix was incubated at 50°C for 2 minutes for uracil N '-glycosylase inactivate possible contaminating amplicons, 45°C for 10 minutes for complementary DNA synthesis by reverse transcriptase, and followed by 10 minutes at 95°C that activates AmpliTaq Gold Polymerase and inactivates uracil N '-glycosylase. PCR cycling program consisted of 45 cycles of 15 seconds at 95°C and 45 seconds at 60°C (universal conditions).
statistical analysis
Results were disclosed as means ± standard deviations. Oneway analysis of variance and Tukey's multiple comparison post hoc tests were performed. P0.05 was considered significant.
The study protocol was performed in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. Approval was obtained from the hospital's Institutional Review Board and Ethics Committee, and written informed consent was obtained from all included patients.
Results
Baseline demographic and clinical characteristics
Demographics, ethnicity, and degree of liver disease were similar in the patients treated with vit D along with PEG-INF and RBV (study group) and in the control group, who received PEG-INF and RBV (Table 1) .
Treatment analysis was conducted for both study and control group patients who had a subsequent efficacy observation during 48 weeks (50 patients in each group). Control group patients' results after 48 weeks did not show any significant changes in parameters compared to 0-week baseline. Accordingly, we decided to compare the study group at different scheduled weeks versus the baseline control group.
As outlined in Table 1 , all patients were middle-aged Egyptians, predominantly males who had HCV genotype 4 with mild or moderate inflammation (A1 and A2, respectively), mild or moderate fibrosis (F1 and F2, respectively) by liver biopsy, and normal or enlarged liver size (S1 and S2, respectively) by abdominal ultrasonography for both groups. All subjects were overweight, while nine control and five study subjects were obese (body mass index, BMI 28.42 kg/m 2 for control and 27.94 kg/m 2 for study groups). Both groups had normal T. Bil, D. Bil, albumin, creatinine, ALKP, RBS, HbA 1c %, Hb, PC%, INR, platelets, and AFP. Mild increases were observed in both AST (control 48.78 IU/mL vs study 44.85 IU/mL; P=0.11) and ALT (control 54.68 IU/mL vs study 52.58 IU/mL; P=0.32) ( Table 1) . Baseline vit D level was deficient in both groups (control 7.3±3.9 ng/mL vs study 5.3±2.8 ng/mL; P=0.004), which is common in all HCV patients. TLC and ANC were elevated with high serum IL-6 level (control 327.6 ng/mL vs study 304 ng/mL; P=0.001), high serum visfatin level (control 74.34 ng/mL vs study 70.19 ng/mL; P=0.006), and high serum HA level (control 239.9 ng/mL vs study 223.2 ng/ mL; P=0.001) ( Table 1) .
Vit D levels assessment
Vit D serum level was elevated after 48 weeks of treatment from pretreatment moderate deficiency to reach above the normal sufficient value after treatment. Serum vit D level was significantly doubled at 12th week (14.47±6.16 ng/mL; P0.001 comparing both control and study groups) (Figure 2A both control and study groups) (Figure 2A) . A significant elevation was detected when comparing 12th week with 24th week (P=0.037). After the 48th-week of vit D treatment, high significant elevation was detected in serum vit D level (66.89±17.36 ng/mL; P0.001 comparing both the control and study groups) (Figure 2A ).
serum hCV Rna titers
Vit D decreased serum HCV RNA titers in HCV genotype 4 naïve patients. There was a highly statistically significant difference in HCV RNA titers from baseline in the study group treated with vit D. At 12 weeks, results were 0.02±0.005 IU/ mL (P0.001) and reached zero level at 24 and 48 weeks (P0.001) when comparing the control and study groups ( Figure 2B ). Accordingly, there was evidence indicating that vit D was effective in decreasing HCV RNA titer in those patients.
il-6, visfatin, and ha serum assessment Figure 4A ). Despite the significant reduction (P0.001) against control and study groups shown in Figure 4B -D for Hb, TLC, ANC, and platelets, their levels remained within normal ranges. Figure 5A and B did not show any significant difference for study group at different scheduled weeks in parameters of TSH, creatinine, albumin, INR, HbA 1c , AFP, T. Bil, D. Bil, ALKP, RBS, and PC, but results were nearly constant and equal to baseline normal levels.
Discussion
This study showed that the response rate for the 48-week treatment in the triple-therapy arm (PEG-INF plus RBV combination with vit D) is greater than the response rate for active control (48-week treatment with PEG-INF plus RBV combination). The sample size also takes into account a 5% dropout rate from either arm.
We aimed to assess the efficacy of vit D treatment combined with PEG-INF/RBV treatment for 48 weeks on insufficient baseline vit D, serum HCV genotype 4 RNA titers, IL-6, visfatin, HA, and vital body parameters levels assessment.
Vit D is metabolized by the liver and converted to 1,25-dihydroxyvitamin D3, which is the active form of the vitamin. 13 Individuals with HCV may have poor conversion from vitamin D3 or any of its other biologically active metabolites that may increase the risk of vit D deficiency.
14 Because of the above serum baseline levels of vit D (Table 1 , Figure 2A ), it is classified as a deficiency. 15 We assessed the vit D status after the 48-week vit D treatment as a consequence of the HCV infection. Serum vit D levels were significantly doubled at 12 weeks, tripled at 24 weeks, and increased ten times after 48 weeks (Figure 2A) . Even though some studies have been conducted to evaluate vit D supplementation in HCV patients due to the observation of its deficiency, [16] [17] [18] serum visfatin level and (C) serum hyaluronic acid level were decreased for the same groups and conditions. Data are mean ± sD, *P-value 0.05 when comparing the control group and the study group and  P-value 0.05 when comparing 12, 24 and 48 weeks time groups with each other. Abbreviations: il-6, interleukin-6; sD, standard deviation; sOC, standard of care; vit D, vitamin D. and 3 but not 4. A study analyzed a cohort of 167 G1 CHC patients treated with PEG-INF and RBV for hepatitis C and detected an association between lower vit D serum levels and failure to achieve SVR. Moreover, low vit D is linked to severe hepatic fibrosis. 6 This study by Petta et al started focusing on vit D role in hepatic fibrosis and response to antiviral therapy in CHC, but they did not study the effect of vit D supplementation on these parameters. Another following study showed that vit D supplementation (cholecalciferol 800 IU/day) improves the probability to achieve sustained virological response to antiviral treatment for recurrent hepatitis C in liver transplant recipients. 16 The addition of vit D to PEF-INF α2b and RBV in naïve patients infected with HCV genotype 2 and 3 significantly increased the rate of viral response. Nimer et al suggested routine testing of vit D levels prior to combination therapy and replacement during treatment for CHC. 17 This study documented highly significant decreases in serum HCV RNA titers after 12 weeks, an important predictive timeline for response in HCV treatments with vit D, 19 that reached zero at the 24-week treatment in overweight patients with treatment-naïve, chronic HCV genotype 4 infections ( Figure 2B ). The comparable mean decrease in HCV RNA for the 12-week and for the 24-week treatment indicates a continuing effect during the treatment period. Vit D could have, as a co-adjuvant, a valuable therapeutic effect for HCV genotype 4-infected patients.
It has been suggested that serum IL-6, 20 visfatin, 9, 21 and HA 10, 11, 22 values were elevated in HCV. As shown in Table 1 , both groups had elevated baseline serum IL-6 and were decreased for the same groups and conditions. Data are mean ± sD, *P-value 0.05 when comparing the control group and the study group and  P-value 0.05 when comparing 12, 24 and 48 weeks time groups with each other. Abbreviations: alT, alanine transaminase; anC, absolute neutrophil count; asT, aspartate transaminase; hb, hemoglobin; sD, standard deviation; sOC, standard of care; TlC, total leukocytes count; vit D, vitamin D.
HA, although they were significantly lower in the patient group compared to the control group (control 327.6 vs study 304 ng/mL; P=0.001) and (control 239.9 vs study 223.2 ng/mL; P=0.001), respectively. From our point of view, this difference may have no effect on our results as the suppressed inflammatory process by antiviral treatment could jump over this gap.
This study showed a high significant reduction in serum IL-6, visfatin, and HA levels with time in the patient group by the effect of vit D therapy. Serum IL-6, visfatin, and HA values reached one-third for IL-6 and half for visfatin and HA compared to baseline at 12 weeks (Figure 3 ). Results were gradually dropped during 24 weeks and 48 weeks to reach normal levels. Reduction in these values indicated amelioration of liver inflammation.
Vitamin D3 has a direct effect on IL-6 by inhibiting its synthesis induced by prostaglandin F2α or prostaglandin E1 23 and HA synthesis inhibition. 24 Correlations between vit D and the ALT and AST levels in HCV patients were weak and divergent after a short administration period. 25 Significant reductions in serum AST and ALT levels were observed at 24 weeks and 48 weeks to reach normal values due to a decline in liver injury by the effect of vit D ( Figure 4A Figure 5A and B) .
Accordingly, the addition of vit D to PEG-INF α2b and RBV in naïve patients infected with HCV genotype 4 significantly increased the rate of viral response. We suggest routine testing of vit D levels prior to combination therapy and replacement during treatment for CHC.
Conclusion
There was an amelioration of liver infection and inflammation for HCV genotype 4a patients treated with SOC and vit D. IL-6, visfatin, and HA levels were significantly reduced as an indicator of decreasing inflammation. Long-term vit D therapy should be administered hand in hand with SOC therapy for HCV patients to gain the optimal benefits of treatment, as vit D sufficiency may help in decreasing hepatic inflammation. Future research is warranted with long-term follow-up and studying the effect of higher dose of vit D on hepatic inflammation markers. 
